Mechanical forces regulate chondrocyte proliferation, survival, differentiation, gene expression, and biosynthetic responses. The type and duration of mechanical stimulation determine the outcome of the cellular responses, which in their extreme manifestations can range from cell proliferation to cell death and from matrix formation to matrix destruction.
METHODS:
Chondrocytes were harvested from human articular cartilage by overnight digestion in collagenase. Primary cells were plated in tissue culture flasks, allowed to proliferate, and passaged once. Cells were embedded in 3% agarose at a density of 5x10 6 /ml in 2mm x 6-mm diameter discs, and pre-cultured for 7-10 days. All cells were precultured in DMEM supplemented with 10% FCS and ascorbic acid. After preculture, cells were placed in reduced-serum media (0.1% FCS) for 24 hours, then placed in a custom-designed polysulfone dynamic compression chamber. Dynamic compression from 5% to 15% strain (approximating a sinusoidal waveform) was applied to the gels at a frequency of 0.5Hz for 18 to 20 hours. Where applicable, Rho Kinase (ROCK) inhibitor Y27632 was added at 50uM for one hour prior to and during dynamic compression.
After dynamic compression, agarose gels were rinsed with ice-cold saline solution, fixed in 3.7% formaldehyde, and permeablized with 50% acetone at -20°C. The actin cytoskeleton was stained with PhalloidinAlexa488, and the nucleus stained with ToPro3 dye. Antibodies recognizing phosphorylated-ROCK, phosphoFAK and cofilin were used and visualized with anti-rabbit-Alexa546. Confocal images were taken on a Zeiss LSM510 inverted confocal microscope with a 63x waterimmersion objective.
Quantitation of actin volume, cortical thickness, peripheral processes, and central punctuate spots was done with a MatLab (MathWorks, Natick, MA) program we developed. Briefly, after a noise-reduction filter to reduce graininess, the program identifies the inner boundary of the cortical actin shell. The number of punctuate spots within the cytosol is automatically counted using image thresholding to segment the grayscale image into binary objects [ Fig. 1 ]. Experiments were repeated and student's t-test with p<0.05 was used to establish significance. Additional analysis not shown include measuring the "actin volume" by the total number of F-actin positive pixels. The minimum distance of each positive pixel to the inner boundary of the cortical actin shell is calculated, and this calculation is used to estimate the cortical thickness and the extent of peripheral processes.
RESULTS:
Dynamic compression of agarose-embedded chondrocytes induced actin cytoskeletal remodeling, which was measured and quantified using MatLab image analysis program. Dynamic compression caused a significant increase in punctate actin structures. Rho Kinase activity is required for these cytoskeletal changes, as dynamic compression in the presence of Rho Kinase inhibitor did not induce punctate actin structures [ Figs. 1 and 2 ]. Dynamic compression increases the amount of phosphorylated Rho Kinase seen with immunofluoresce confocal microscopy [ Fig. 3] . 
DISCUSSION:
Chondrocytes respond to moderate dynamic compression by increased matrix synthesis. The signal transduction pathways that mediate this are not yet fully characterized, but they are likely to involve the actin cytoskeleton. In this abstract, we show that dynamic compression induces changes in the actin cytoskeleton of agarose-embedded chondrocytes, and we establish methodology to quantify these changes. Furthermore, we show that Rho Kinase activity is required for this actin reorganization. In support of this, we show that Rho Kinase is phosphorylated during dynamic compression. Ongoing research will determine whether the Rho Kinase-dependent cytoskeletal reorganization is required for the altered gene expression and increased matrix production that is induced by dynamic compression. 
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